1. Introduction . A significant problem in the collapse of a spherical cavity in an infinite homogeneous liquid is the behavior of a distortion from complete spherical symmetry. The information presently available is based on a linearized perturbation analysis. When the analysis is made under the assumption of axial symmetry, the boundary of the cavity r , may be written as oo r (ö,t) = R{t) + > a (t)P (cos0) s LJ n n nr.2 (1) where P (cosö) is the Legendre polynomial of degree n. In the perturban tion theory it is supposed that a (t)| «R(t) ,
and the linearization uncouples the coefficients a (t) and gives a mean radius R(t) which develops in time independently of the distortion [ l] .
The solution to the general linearized equation for a (t) was found by Plesset and Mitchell [ 2j for a bubble expanding or collapsing under a constant ambient pressure. This solution is expressed in terms of the hypergeometric function. It was found for a collapsing cavity that, as the mean radius approaches zero, a (t) grows in magnitude like R 4 and oscillates with increasing frequency. Even a small initial asymmetry will, therefore, become large for a sufficiently reduced cavity.
By use of the theory of Plesset and Mitchell, Naude and Ellis [ 3] analyzed their experimental observations of nearly hemispher al bubbles collapsing on a plane, solid wall. They observed that the distortions in the bubble shapes were primarily composed of the second harmonic with of the collapse (1. 0 > R(t)> 0.5) and they observed that the values for a (t) agreed with the predictions of the linearized perturbation solution.
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Since the contribution of the second harmonic was fairly large, Naude and
Ellis found it necessary to determine the second order effect of a (t) before close agreement on the theoretical predictions for a (t) could be 4 obtained.
An efficient numerical method has been developed to simulate the collapse of an initially spherical cavity near a solid wall [4] , and this method is readily adapted to the simulation of the collapse in an infinite liquid of a nonspherical cavity with axial symmetry.
The Numerical Procedure. It is assumed that the flow is nonviscous
and irrotational so that it may be described by a potential. It is assumed further that the effects of compressibility may be neglected. The collapse is driven by the difference between the ambient pressure, p , and the pressure in the cavity, p . This pressure difference Ap = p -p will be taken to be constant. When Ap is sufficiently large, surface tension may be neglected. Under these conditions the collapse of a cavity with a given initial shape with the mean initial radius R may be scaled to geometrically similar cavities. Velocities will scale with the factor
where p is the liquid density.
The calculations are based on a series of small time steps. Before each step the potential problem is solved and the velocity is calculated at a large number of points representing the free surface of the cavity.
If the time step At is sufficiently small, the velocities will remain relatively constant. The displacement of a free surface point with velocity v at the beginning of the time step is approximated by Ax = vAt
The change in the potential of the point at the free surface can be found from Bernoulli's equation 
which gives the approximation
When the bubble starts from rest, the initial time step is treated differently. During the initial time step, the velocities are small compared with (Ap/p) 2 , The displacements of the free surface points are small, and the potentials and velocities are nearly linear with time. Therefore the potential problem is solved for the initial time step with a uniform potential of Ap/p over the initial cavity surface and the resulting velocity V is calculated at the free surface points. Then the velocity during the initial time step is v=tV .
For the initial time step the displacement and potential of a point on the free surface is approximated by
and
. . .A np-por improvement in the method is to use the knowledge that the increase in velocity is nearly linear during the early stage of collapse to improve the accuracy for time steps throughout the early collapse instead of only for the initial time step. The following approximation is 
Results of the Calculations
Two cases of initially nonspherical bubbles collapsing in a homogeneous liquid were simulated. For the first of these (Case A) the initial bubble shape, described by its radius,
was roughly that of a prolate ellipsoid. The other case (Case B) had an oblate initial shape with a radius of
The liquid was assumed to oe initially at rest in both cases. A total of seventy-six time steps were used for Case A and eighty-six for Case B.
Bubble shapes for selected time steps from Cases A and B are shown superimposed ir Figs. I and 2, respectively. Table I lists in both cases is large enough, however, so that parts of the bubble strike each other before an entire oscillation can be completed.
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Adjustment for Finite Time Steps
The chief source of error in these calculations is the use of finite time steps. A close estimate of this error can bo made by computinj» the effect of the same time steps used in Cases A and B on bubbles satisfy ing the linearized equations.
In the linearized approximation to Cases A and B, the second harmonic is the only nonspherical term in the radius of the free boundary; r (0,t) = R(t) + a(t)P(cos0)
.
It is assumed, of course, that |a(t)| « R(t). Also, to first order the potential on the free surface can be written as
By an analysis similar to that of Reference [ 1] it is found that, in the linearized approximation. Chapman, Richard B. and Pleaset, Milton S.
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